INTRODUCTION
Received for publication 24 May 1971 and in revised form 6 July 1971. indirect demonstration of this phenomenon was that of Sell and Gell (1) who used a variety of anti-immunoglobulin antisera to stimulate blast transformation of rabbit peripheral blood lymphocytes. Subsequently, direct demonstration of immunoglobulin (Ig)1 molecules by radioiodinated and fluorescein-conjugated anti-Ig antisera has been possible in mice, rabbits, and chickens (2) (3) (4) (5) . The source of lymphocytes with surface Ig has been shown to be the bone marrow (or bursa of Fabricius in the chicken [5] ) and the source of the cells which lacks Ig to be the thymus (6) . The purpose of the present report is to characterize the surface immunoglobulins in normal human blood and to determine any deviations from the normal distribution that might be encountered in certain immunologic deficiency diseases and lymphoproliferative disorders in order to gain information regarding the origin of the cellular dysfunction (i.e., thymus or bone marrow). The specific disease entities investigated were sex-linked and acquired hypogammaglobulinemia, selective IgA deficiency, cellular immune deficiency states, and chronic lymphatic leukemia.
METHODS
Antisera. Rabbit anti-immunoglobulin antisera to the major heavy-chain classes, IgG, IgA, and IgM, and the two light-chain types, kappa and lambda, were produced in rabbits by immunization with normal IgG and paraproteins of the IgA and IgM class, respectively. Antisera to kappa and lambda light chains were prepared in rabbits immunized to Bence Jones proteins of the appropriate type. The antisera were rendered monospecific by immunoadsorption with Ig coupled to cyanogen bromide-activated 'Abbreviations used in this paper: B, bone marrow-derived (lymphocytes); CLL, chronic lymphatic leukemia; HBSS, Hanks' balanced salt solution; Ig, immunoglobulin; T, thymus-derived (cells).
Sepharose columns (7) . IgG antisera were adsorbed with F (ab')2; IgA and IgM with normal IgG and cord serum; kappa and lambda antisera with IgG myeloma proteins of the opposite types. After immunoadsorption, the IgG fraction of the rabbit antisera prepared by DEAE-cellulose chromatography were fluoresceinated as previously described and further fractionated on DEAE-cellulose (3). Conjugated antisera having fluorescein: protein ratios varying between 2: and 3: 1 were used for direct immunofluorescent identification of immunoglobulins on the surface of lymphocytes.
Lymphocyte preparations. Cell suspensions of spleen and lymph nodes were made by gently pressuring the minced organ through a stainless steel wire mesh into tissue culture dishes containing Hanks' balanced salt solution (HB-SS). Peripheral blood lymphocytes were prepared by centrifugation on a Ficoll (Pharmacia Fine Chemicals, Inc., Piscataway, N. J.) gradient (8) or a modification of the Ficoll-Triosil (sodium metrizoate) method (9) using Hypaque (sodium diatrizoate; Winthrop Laboratories, New York) instead of Triosil. In most cases, the blood was allowed to sediment in 3% dextran (Pharmacia Fine Chemicals, Inc.), and the white cell-enriched supernatant was used for the Ficoll-Hypaque centrifugation rather than whole blood. The preparations prepared from peripheral blood were routinely 85-95% lymphocytes. The yield of lymphocytes was generally in the range of 70%. Spleen and lymph node preparations were contaminated with approximately 30% macrophages.
Radial immunodiffusion. Quantitation of serum immunoglobulin levels was performed as previously described (10) . Paraproteins at known concentrations were used as standards. Quantitation of the amounts of kappa and lambda in serum was performed on serum which was reduced with 0.1 M 2-mercaptoethanol for 1 hr at room temperature before filling the wells.
Immunofluorescent staining. Cells were washed three times in HBSS before being reacted with fluoresceinated antisera. To portions of 1-10 X 10" cells in about 0.1 ml was added 0.1 ml of fluoresceinated antisera (at a concentration of 1-3 mg/ml), and the reaction mixture was incubated at room temperature for 30 min with occasional gentle shaking. Cells were then washed three times with HBSS and resuspended in 0.5 ml of the same buffer. A drop of the cell suspension was placed on a slide, overlayed with a cover slip, and the edges sealed with melted paraffin. The immunofluorescence was examined with a Zeiss ultraviolet microscope equipped with an Ossran HBD 200 mercury arc lamp as a light source. Total cell numbers and cell types were evaluated in the absence of a barrier filter.
RESULTS
Peripheral blood lymphocytes with surface Ig from normal individuals. Lymphocytes from the peripheral blood of 10 normal individuals were examined for the presence of surface immunoglobulins. The appearance of lymphocytes with and without detectable surface Ig is illustrated in Fig. 1 In all cases, the staining could be shown to be specific for the immunoglobulin class that was tested by absorption of the antisera before staining with different Ig preparations including the Ig for which the antiserum had specificity. Only if the nonspecific absorption had no effect and the specific ab- sorption removed the reactivity were the antisera considered specific. Surface immunoglobulin on the lymphocytes of spleen, lymph node, and thymus. Spleen, lymph nodes, and thymus were obtained from autopsy material or patients that had undergone splenectomy for Hodgkin's disease. Only those spleens that showed no abnormal histology were included in the study. The data shown in Table II indicate that an average of 33% of human spleen cells contained detectable amounts of surface immunoglobulin and that the distribution of the different immunoglobulin classes was similar to that observed in peripheral blood. Only two lymph node preparations were available for examination, so that no conclusions can be drawn regarding any possible differences in distribution of lymphocytes with surface Ig between this material and peripheral blood. The virtual absence of surface Ig-containing cells in the thymus is in keeping with data obtained in mice, chickens, and rabbits (2) (3) (4) (5) .
Surface immunoglobulin on human lymphocytes from patients with chronic lymphatic leukemia. The peripheral blood of a total of 20 patients with chronic lymphatic leukemia was examined for surface immunoglobulin on their lymphocytes. In most instances it was possible also to examine the serum immunoglobulin levels of these patients. The results of these studies are shown in Table III . The data were clearly divisible into three antigenic classifications. With two exceptions the globulinemia there was a slightly greater number of positive lymphocytes; however, the number of positive lymphocytes was still markedly reduced from the average present in normal peripheral blood (25-30%). In the three patients with selective IgA deficiency, there were normal numbers of cells containing all immunoglobulins, including IgA, despite the fact that there was no detectable IgA in the serum of these three individuals. CeUular immune deficiency states. The blood from five children with cellular immune deficiency disease was examined (Table VI) . Two cases had well documented Wiskott-Aldrich syndromes (Rob. and Per.) which have been previously recorded (11, 12) , and three cases were of unclassified cellular deficiency states characterized by negative skin reactions to a variety of bacterial antigens, a prolonged survival of skin homograft, and a history of chronic infections. In all cases, either normal numbers of peripheral blood lymphocytes with surface immunoglobulins were seen or a moderate to marked decrease in these cells (Rob.). In no case was there any elevation in the percentage of cells that contained surface immunoglobulins.
DISCUSSION
Immunoglobulins have been identified on the surface of small lymphocytes in all vertebrate species that have been investigated using techniques similar to those described in the present study. In all of these species there are two clearly distinguishable lymphocyte populations: those that have detectable Ig on their surface and a population of cells that lacks detectable Ig. Quantitative studies indicated that 50-150,000 molecules of Ig are present on those cells that contain detectable surface Ig, whereas 0-1000 molecules per cell may be present on those cells which lack detectable surface Ig (3, 6) .
The source of those cells that contain detectable immunoglobulin and those that do not, has been extensively studied in the mouse and chicken. Studies by Raff and associates (2, 13) indicated that there was an inverse relationship between the presence of immunoglobulin on the surface of cells and the presence of theta antigen, a marker for thymus-derived cells, in that peripheral blood and lymph nodes were rich in cells containing theta antigen and relatively poor in cells that contained surface Ig, whereas in the spleen the reverse situation held. This observation led to the suggestion that surface Ig-containing cells were derived from the bone marrow and the negative cells from the thymus. These studies were extended in the mouse in a study using neonatal and adult thymectomized animals reconstituted with bone marrow and/or thymus (6) . When the spleens of neonatally thymectomized animals or adult thymectomized, lethally irradiated, bone marrow-transplanted animals were examined, a very high percentage of Ig-positive lymphocytes (in many cases approaching 100%) were observed. These results indicated that the Ig-containing cells were, to a large extent, derived from The. W. There were varying numbers of CLL lymphocytes in any individual case which lacked detectable immunoglobulin. The source of these cells is at present unknown; however, it would appear reasonable to suggest that a similar situation exists to that described in human cultured cell lines where just after mitosis during the early GI phase of the cell cycle, no immunoglobulins are produced and that the cells in this phase of the cell cycle show no detectable immunoglobulins (18) . The other possibility to explain the negative cells would be that they represent a background of normal thymic-derived cells.
Although the finding that CLL cells are restricted to a single light-chain and heavy-chain class is suggestive, it is not in itself sufficient proof that the surface Ig is "monoclonal." Some immunologic or chemical evidence of homogeneity in the variable region of the Ig must also be sought. To this end we are currently attempting to raise idiotypic antibodies to the surface immunoglobulin. If this proves to be successful, it would represent very strong evidence that the surface Ig in CLL is structurally homogeneous (19) .
